Practice points
Background • Melanoma is a potentially deadly form of skin cancer and is most often evident on the skin's surface.
• Skin cancer screening with a total body skin examination (TBSE) is arguably the safest, easiest and possibly the most cost-effective screening test in medicine, yet there is no national consensus regarding its benefit or implementation.
• The purpose of this paper is to: propose rational, risk-based, data-driven guidelines for skin cancer screening; compare our proposed guidelines to recommendations made by other national and international organizations; and critique the US Preventive Service's Task Force's (USPSTF) 2016 Draft Recommendation Statement on skin cancer screening in an effort to initiate discourse regarding the USPSTF's conclusions. Current skin cancer screening practice in primary care: much room for improvement (cont.)
• Based on National Health Interview Survey data, only 8% of patients who had seen either a primary care provider or obstetrician/gynecologist within the prior 12 months had received a skin examination.
Our proposed data-driven skin cancer screening guidelines • A target age range of 35-75 years was established based on several trends observed among the various USPSTF-derived age ranges for malignancies that received a grade A or B recommendation, including colorectal, cervical, breast and lung.
• Target risk groups were established by comparing the relative risks/odds ratios of melanoma risk factors with the relative risks/odds ratios associated with risk factors for developing other common diseases and malignancies.
• Full recommendations are provided.
Review of national skin cancer screening guidelines: what do we have?
• Aside from the USPSTF, only a few professional organizations offer specific statements or recommendations about skin cancer screening; these include the American Academy of Dermatology, the American Cancer Society, the American Academy of Family Physicians and the Skin Cancer Foundation.
International screening guidelines: what can we learn from other countries?
• Australia, New Zealand, Germany, the Netherlands and the UK recommend screening certain subsets of patients at increased risk for melanoma.
• Our screening recommendations were modeled after international guidelines from countries with similarly elevated risk.
Recommendations of national & international organizations: what potential biases exist?
• Inevitably, bias exists in all organizations and likely impacts the screening recommendations made by these organizations.
USPSTF recommendation: rationale & critique
• USPSTF's 2016 Draft Recommendation on adult skin cancer screening reports that there is insufficient evidence to make a clear statement on the benefit of skin cancer screening.
• Several critical questions regarding the USPSTF draft are reviewed, including: ū Is it appropriate to consider the detection of keratinocyte carcinoma a harm of screening rather than a benefit? ū Why was the morbidity associated with a delayed diagnosis of basal and squamous cell carcinoma and melanoma omitted in the USPSTF risk estimates?
ū Is the number of excisions needed to treat basal cell carcinoma (one out of nine) and melanoma (one out of 28) too high, particularly given the morbidity increases with delayed diagnosis? ū In the USA, are the majority of biopsies for keratinocyte carcinoma excisional, and are the majority of excisional biopsies for melanoma the same type reported in the German article? ū Is it valid to extrapolate satisfaction of results from a cosmetic procedure to results from a diagnostic procedure for cancer? ū How were the inclusion and exclusion criteria applied to the worldwide publications that ultimately formed the rationale for the decision statement?
Melanoma is usually apparent on the skin and readily detected by trained medical providers using a routine total body skin examination, yet this malignancy is responsible for the majority of skin cancer-related deaths. Currently, there is no national consensus on skin cancer screening in the USA, but dermatologists and primary care providers are routinely confronted with making the decision about when to recommend total body skin examinations and at what interval.
Melanoma is a potentially deadly form of skin cancer that is most often evident on the skin's surface. The vast majority of melanomas are curable if caught early, yet over 10,000 people in the USA will die of melanoma in 2016 [1] (the age-adjusted mortality rate was 2.7 deaths per 100,000 adults based on cases and deaths from 2009 to 2013) [2] . Exploring opportunities to decrease mortality from this largely visible cancer are warranted. Screening for melanoma involves a total body skin examination (TBSE), a relatively quick, inexpensive and noninvasive process compared with screening for internal malignancies, such as colorectal, lung and breast cancer.
In fact, skin cancer screening through TBSE is arguably the safest, easiest and possibly most cost-effective screening test in medicine [3] , but there is no consensus regarding its benefit or implementation and no randomized controlled trial (RCT) proving that screening reduces melanoma mortality. To complicate this issue, dermatologists and other healthcare providers already routinely perform skin cancer screening examinations, as part of routine clinical care and through nationwide public health initiatives such as the SPOTMe ® program sponsored by the American Academy of Dermatology (AAD) [4] . Proponents of skin cancer screening believe that routine TBSE identifies early-stage melanomas and other invasive cutaneous malignancies that might otherwise progress to life-threatening advanced stages. However, proving this case is not straightforward.
Conducting RCTs to evaluate skin cancer screening is fraught with challenges. Comparing mortality due to melanoma in screened versus nonscreened individuals would be difficult and costly, requiring a large population (stratified by clearly delineated melanoma risk factors) and a particularly long follow-up interval to demonstrate a correlation [5] . In addition, identifying a control population might be considered unethical, as a subset of individuals with elevated melanoma risk may be randomized into a nonscreening arm. Also, the potential exists for bias or erroneous comparisons between screened and controlled groups if uneven opportunistic screening occurs. Thus, the absence of a large prospective RCT should not preclude the development of skin cancer screening recommendations in the USA.
Given the unavoidable limitation in the quality of evidence for skin cancer screening benefits, it is not surprising that routine screening recommendations remain inconsistent among professional and advocacy organizations such as the US Preventive Services Task Force (USPSTF), the AAD, the American Cancer Society (ACS), the American Academy of Family Physicians (A AFP) and the Skin Cancer Foundation (SCF). Herein, we propose rational, risk-based, data-driven guidelines for skin cancer screening that are internally consistent with USPSTF guidelines for other cancers and diseases. We then compare our proposed recommendations to those of other national and international organizations. Finally, we critique the USPSTF's 2016 Draft Recommendation Statement on skin cancer screening with respect to six observed deficiencies in an effort to initiate discourse regarding the USPSTF's current conclusion. To ensure broad applicability of our recommendations, we included input from a variety of melanoma experts, spanning several disciplines (e.g., social psychology, epidemiology, clinical research and practitioners) and medical subspecialties (e.g., dermatology, dermatopathology, cutaneous oncology, surgical oncology and medical oncology).
Recent melanoma epidemiology: a large & growing problem
Over the past four decades, melanoma incidence has increased by nearly 200% [2] . It is now the fifth most common invasive cancer in men and the seventh in women, with an estimated 76,380 new cases in the USA in 2016 [1, 6] . About one in 33 men and one in 52 women in the USA will develop melanoma during their lifetime [1] . Incidence and mortality rates are highest among older adults (aged 55-74 years and 75-84 years, respectively) [2] ; however, melanoma is the most common cancer in young adults aged 25-29 years, with females being disproportionately affected in this age group [7] . It has been postulated that higher rates of melanoma in young women compared with young men is due to hormonal differences, physiologic effects of pregnancy and/or increased indoor tanning exposure [8, 9] . Melanoma deaths account for the majority of skin cancer-related deaths, estimated to be around 10,130 in 2016 [2] . The average 5-year survival rate is 91.5% overall but varies significantly based on the stage of disease, ranging from 98.4% for localized disease, to 17.9% for distantly metastatic disease [2] . While advances in the treatment of metastatic melanoma will likely improve these statistics substantially, a diagnosis of metastatic melanoma remains grave, with several new treatment regimens resulting in significant contributions to healthcare costs. Moreover, there is no sign that the rise in melanoma incidence is slowing; melanoma incidence rates are predicted to increase roughly 50% over 2010 levels by 2020 and 100% over 2010 levels by 2030 [10] .
Current skin cancer screening practice in primary care: much room for improvement TBSE is not usually part of the general physical examination performed by primary care providers (PCPs) or nondermatology specialists [11] . More often, only exposed areas relevant to the physical exam are evaluated. While over half of PCPs feel that skin cancer screening is 'extremely' important [12] , skin cancer screening is not common in the primary care setting in the USA, likely due to time constraints as well as the lack of emphasis and training in medical school and residency. Two surveys found that roughly two-thirds of medical students and three-quarters of primary care residents felt that they had inadequate training in performing a TBSE [13, 14] . As a result, a stronger emphasis on skin cancer screening education should be implemented in US medical schools, as well as continued medical education courses, to ensure quality TBSEs are performed in the primary care setting.
According to a study analyzing National Health Interview Survey (NHIS) data, only 8% (1070 of 13,381) of patients who had seen either a PCP or obstetrician/gynecologist within the prior 12 months had received a skin examination [11] . Based on a similar study incorporating NHIS data, only 24% of 'high-risk' individuals reported having undergone a TBSE once in their lifetime, and only about 11% (11, 988 ,052 of 104,671,157 participants) had a TBSE within a year [15] . 'High-risk' is a nonspecific term in melanoma literature and was defined in this study as non-Hispanic, white men and women aged >65 years; individuals with a history of sunburn; and/or individuals with a family history of skin cancer [15] . Despite the technical simplicity of TBSE, a third study using NHIS data reported remarkably low skin cancer screening rates (16% in men and 13% in women) compared with the screening rates for colorectal (51%), breast (54%) and prostate (43%) cancers [16] .
In summary, skin cancer screening rates remain low in the USA, rendering high-risk populations vulnerable to a delay in melanoma diagnosis. Clarification of 'high-risk' groups and the risk-stratified screening recommendations outlined here may encourage PCPs to incorporate TBSE into routine wellness exams (which generally involve conducting age-appropriate risk assessments and screening tests supported by the USPSTF) [17] . Skin is the only fully accessible organ for clinical examination by visual inspection; therefore, TBSE provides the unique secondary benefit of visually screening for numerous systemic diseases simultaneously [18, 19] .
Our proposed data-driven skin cancer-screening guidelines
Despite a lack of national consensus on skin cancer screening guidelines for asymptomatic patients, clinical dermatologists and PCPs are routinely confronted with making a decision about when to recommend TBSE and at what time interval. Currently, recommendations are diverse, with no unifying rationale for screening. This paper aims to propose evidence-based screening guidelines, commensurate with other USPSTF screening guidelines, by identifying a subset of patients that fall into a risk category consistent with other diseases. As with USPSTF guidelines, the primary goals for developing skin cancer screening recommendations included identification of a target age range of individuals to screen (based on incidence and mortality rates) and identification of a high-risk group of individuals (based on relative risk and odds ratio data) that could most benefit from skin cancer screening (Box 1). Clearly, guidelines are not absolute, and more or less stringent screening can be appropriate in individual circumstances. These guidelines are meant to serve as a starting point for further discussion and may be refined as additional data become available.
Target age group for skin cancer screening
Initially, we compared melanoma to other cancers that have received a USPSTF grade A or B rating, with the goal of defining a comparable age range to screen. Screening methods categorized as grade A and B are recommended by the USPSTF and are differentiated based on the degree of certainty that the net benefit is either substantial or moderately substantial [25] . The rationale used by the USPSTF to define screening ages for other cancers is unclear, however. Therefore, we examined the recommended target age ranges for malignancies that received a grade A or B recommendation (including colorectal, cervical, breast and lung). We then determined the number of affected individuals falling within these age ranges [25] . More specifically, we associated the screening age ranges of these cancers to age-stratified incidence and mortality rates, median age at diagnosis and the total percent sum of incidence rates falling within an age range. Next, the numbers of affected individuals in each category across the different cancer types were determined. These values were remarkably similar among the grade A and B cancers and provided a reproducible approach to defining a recommended age range for skin cancer screening.
Data from the National Cancer Institute Surveillance, Epidemiology and End Results (SEER) Registry were used to evaluate USPSTFrecommended screening age ranges relative to the percent of incidence and mortality rates at the associated ages for each of the colorectal, cervical, breast and lung cancer types (Figures 1 & 2) [26, 27] . Based on these data, the ages recommended by the USPSTF for screening initiation and termination for grade A and B cancers, lie at or near the steepest positive and negative slopes of the incidence and mortality curves. In other words, initiation of screening occurs at an age in which the slope of the incidence and mortality curves are at or near the steepest incline and screening ends at an age in which the incidence and mortality curves are at Box 1. Proposed skin cancer screening guidelines.
Adults aged 35-75 years with one or more of the following risk factors should be screened at least annually with a total body skin examination † :
• Data include all races and both sexes [26, 27] 
Age distribution and % of incidence and mortality cases
Colorectal % incidence/mortality cases 30 20 Incidence Mortality 0 5 10 15 25
Breast % incidence/mortality cases 30 20 Incidence Mortality 0 5 10 15 25
Lung % incidence/mortality cases 35 30 20
Incidence Mortality or near the steepest decline. Based on the slope of the incidence and mortality curves for melanoma, the steepest incline is near age 35 years, and the steepest decline is near age 77 years. In addition to the slope of the incidence and mortality curves, we also compared the percentage of cases falling into the age ranges adopted for each cancer. From 2008 to 2012, the percentage of cancer cases that occurred within the recommended age ranges was 60% for colorectal ( Finally, the median age at diagnosis for each cancer was compared with the USPSTF screening initiation recommendations for colorectal, cervical, breast and lung cancer [2, [28] [29] [30] [31] . In these grade A and B cancers, the recommended age of initiation of screening was between 12 and 28 years prior to the median age at diagnosis. For example, the recommendation for initiation of breast cancer screening was age 50 years (median age 62 years), and the recommendation for initiation of cervical cancer screening was age 21 years (median age 49 years) [2, 26, [28] [29] [30] [31] . The median age at diagnosis for melanoma is 63 years, suggesting that the range of possible initiation of screening should be somewhere between ages 35 and 51 years [2] .
Taken together, it seems reasonable to propose a screening age of 35-75 years for melanoma. Although the declining slope of the incidence and mortality curves suggests a slightly older termination of screening (age 77 years), when taken in the context of the percentage of cases within the various age ranges and the median age at diagnosis, a slightly lower age of termination seems more reasonable and better aligned with the other cancer types. Furthermore, given the additional risk factors outlined below, individuals with elevated risk that fall outside of these age ranges could still be screened outside the guidelines.
Target risk group for skin cancer screening
After defining a target age range for the skin cancer screening population (see above), we sought to better refine the recommendations by incorporating risk factors into the assessment. Wellestablished, published melanoma risk factors were identified, along with their relative risks, and were used to determine subpopulations at elevated risk of developing cutaneous melanoma. In this way, individuals at low risk of developing melanoma were eliminated from the recommendations. Fortunately, risk factors for melanoma and keratinocyte carcinomas (KC), (i.e., nonmelanoma skin cancer) such as basal cell carcinoma (BCC) and cutaneous squamous cell carcinoma (SCC) [32] , overlap substantially, making the recommendations applicable for skin cancer in general. To identify the most appropriate risk factors to include in screening recommendations, the relative risks/odds ratios (RRs/ORs) associated with melanoma risk factors were compared with the RRs/ORs associated with other common diseases and malignancies that have received a USPSTF grade A or B screening recommendation based on risk (Tables 1 & 2) . Colorectal and cervical cancers were excluded from these tables, as USPSTF guidelines recommend whole-population screening based on age and do not specify alternative-screening regimens based on risk factors.
The data contained in Tables 1 & 2 were condensed and simplified to create the final guidelines (Box 1). Of note, these guidelines are not intended for individuals diagnosed with melanoma in the past 5 years. These melanoma patients should be followed according to established melanoma guidelines, such as those produced by the National Comprehensive Cancer Network (NCCN) or the AAD [47, 48] . Additionally, there is no reason to avoid examining the skin in any area being examined for other purposes, also known as opportunistic screening (e.g., evaluation of the skin on the chest when auscultating the lungs).
In reviewing the USPSTF grade A and B screening recommendations that have been based on risk factors (e.g., hypertension and aortic aneurysm), we determined that most recommendations were associated with RRs of at least 1.8-2.0 (Table 1) . We identified melanoma risk factors that reached or exceeded these RR levels (Table 3 ). For example, 'ever smokers' face a risk (OR: 3.1) [36] of developing an abdominal aortic aneurysm, which is comparable to the risk an individual with three atypical nevi has of developing melanoma (RR: 3.0) [24] . Using this rationale, we combined the risk factors that met the criteria of similarity to other recommended USPSTF screening methods (RR/OR of ≥1.8-2.0) into simple categories that would be easy to remember and apply to One atypical nevus vs 0* 1.5 [24] High BP (overweight vs normal BMI) † 1.5 [33] BP cuff Total common nevi 16-40 vs <15* 1.5 [24] High BP (overweight vs normal BMI) † 1.5 [33] BP cuff Blue eye color vs dark* 1.5 [40] High BP (overweight vs normal BMI) † 1.5 [33] BP cuff Hazel eye color vs dark* 1.5 [40] High BP (overweight vs normal BMI) † 1.5 [33] BP cuff Green eye color vs dark* 1.6 [40] Type II diabetes (overweight vs normal BMI) † 1.6 [34] Blood test Light brown hair vs dark* 1.6 [40] Type II diabetes (overweight vs normal BMI) † 1.6 [34] Blood test Indoor tanning ever use in men/women vs never use* † 1.7 [41] Type II diabetes (overweight vs normal BMI) † 1.6 [34] Blood test
Fitzpatrick II vs IV* § 1.8 [40] High BP (obese vs normal BMI) † 1.9 [33] BP cuff Fitzpatrick III vs IV* 1.8 [40] History of sunburn vs no history* 2.0 [42] Lipid disorders (obese vs normal BMI) † 1.9 [34] Blood test Blond hair vs dark* 2.0 [40] Lipid disorders (morbidly obese vs normal BMI) † 1.9 [34] Blood test 2 atypical nevi vs 0* 2.1 [24] Lipid disorders (morbidly obese vs normal BMI † 1.9 [34] Blood test Fitzpatrick I vs IV* 2.1 [40] Lipid disorders (morbidly obese vs normal BMI † 1.9 [34] Blood test High density of freckles vs low* 2.1 [40] Breast cancer (first degree relative vs no relative) 2.1 [38] Mammogram Total common nevi 41-60 vs <15* 2.2 [24] Breast cancer (first degree relative vs no relative) 2.1 [38] Mammogram Indoor tanning ever use in women aged 40-49 vs never use* † 2.3 [8] Breast cancer (first-degree relative vs no relative) 2.1 [38] Mammogram
Family history of melanoma in 1 or more 1 st degree relative ¶ 1.7-3.0 [40, [43] [44] AAA (ever smoker vs never smoker) † 3.1 [36] Ultrasound 3 atypical nevi vs 0 ¶ 3.0 [24] AAA (ever smoker vs never smoker) † 3.1 [36] Ultrasound Total common nevi 61-80 vs <15 ¶ 3.3 [24] Type II diabetes (obese vs normal BMI) † 3.4 [34] Blood test Red hair vs dark ¶ 3.6 [40] High blood pressure (high-normal BP vs normal BP) † 3.5 [33] BP cuff
History of AK and/or KC vs no history ¶ 4.3 [40] High blood pressure (high-normal BP vs normal BP) † 3.5 [33] BP cuff
Indoor tanning ever use in women aged 30-39 years vs never use ¶ † 4.3 [8] AAA (male vs female) 5.7 [35] Ultrasound 4 atypical nevi vs 0 ¶ 4.4 [24] AAA (male vs female) 5.7 [35] Ultrasound Indoor tanning ever use in women aged <30 years vs never use # † 6.0 [8] Breast cancer (BRCA1 mutation carriers) 6.1 [37] Mammogram 5 atypical nevi vs 0 # 6.4 [24] Type II diabetes (morbidly obese vs normal BMI) † 7.4 [34] Blood test Total common nevi 101-120 vs <15 # 6.9 [24] Lung cancer (current female smoker vs never smoker) † 7.8 [39] CT scan Personal history of melanoma # ‡ 8.2-13.4 [45] Lung cancer (30-40 pack-year smoking history in woman) † 12.9 [39] CT scan CDKN2A mutation carrier # § 14-28 [46] Lung cancer (current male smoker vs never) † 23.6 [39] CT scan Lung Cancer (30-40 pack-year smoking history in males) † 24.6 [39] CT scan melanoma in one or more first-degree relatives or a family history suggestive of a hereditary predisposition to melanoma [49, 50] ; one or more physical features suggestive of high-risk, including lightly colored skin (Fitzpatrick skin types I-III), blonde or red hair, greater than 40 moles, greater than two atypical moles, freckles or severely sun-damaged skin; and 
US professional organization Screening and counseling recommendations

US Preventive Services Task Force
Screening: -Published statement 2009: insufficient evidence to assess the balance of benefits and harms of screening for skin cancer by primary care providers or by patient skin self-examination [53] . Grade I † -Draft statement recommendation 2016: a clear statement cannot be made about the benefit of skin cancer screening for melanoma mortality and all-cause mortality or association with thinner lesions [54] Counseling: -Published statement 2012: it is recommended that children, adolescents and young adults aged 10 to 24 years who have fair skin be counseled about minimizing their exposure to UV radiation to reduce the risk for skin cancer [55] . Grade B † -Published statement 2012: there is insufficient evidence to assess the balance of benefits and harms of counseling adults older than age 24 years about minimizing risks to prevent skin cancer [55] . Grade I † American Academy of Family Physicians Screening: -Published statement 2009: current evidence is insufficient to assess the balance of benefits and harms of using a whole-body skin examination by a primary care provider or patient skin self-examination for the early detection of cutaneous melanoma, basal cell carcinoma or squamous cell carcinoma in the adult general population [56] . Grade I † Counseling: -Published statement 2012: it is recommended that children, adolescents and young adults ages 10 to 24 years who have fair skin be counseled about minimizing their exposure to UV radiation to reduce the risk for skin cancer [56] . Grade B † -Published statement 2012: There is insufficient evidence to assess the balance of benefits and harms of counseling adults older than age 24 years about minimizing risks to prevent skin cancer [56] . Grade I † Updated statement for 2016 pending. American Cancer Society Screening: -Published statement 2015: for people aged 20 or older who get periodic health examinations, a cancerrelated check-up should include health counseling and, depending on a person's age and gender, examinations for cancers of the thyroid, oral cavity, skin, lymph nodes, testes and ovaries, as well as for other diseases besides cancer (i.e., tobacco, diet and nutrition, sexual practices, risk factors and environmental and occupational exposures [57] -Published statement 2016: the Society recommends periodic cancer-related checkups to examine thyroid, oral cavity, skin, lymph nodes, testicles and ovaries [1] . Recommendations no longer include a specified age group American Academy of Dermatologists Screening: -Published statement 2015: the Academy encourages all members of the public to serve as their own health advocates by regularly conducting skin self-examinations. If an unusual lesion is detected, or if any lesions are changing, itching or bleeding, it is recommended that individuals seek evaluation by a board-certified dermatologist. It is also recommended that people with either a history of skin cancer or an increased risk of skin cancer discuss routine screening increments with a doctor [58] Skin Cancer Foundation Screening: -Recommend annual skin examinations with a physician [59] † Current skin cancer screening and counseling guidelines based on several US medical organizations. Grade B and Grade I are based on US Preventive Services Task Force grading definitions. Grade B: High certainty that the net benefit is moderate or moderate certainty that the net benefit is moderate to substantial. The service is recommended by the US Preventive Services Task Force and should be offered or provided to the patient. Grade I: The current evidence is insufficient to assess the balance of benefits and harms of the service. ultraviolet radiation overexposure, including a history of sunburn or indoor tanning. We do not recommend screening for patients without risk factors. These guidelines obviously need to be applied in the context of individual circumstances. There may be individuals with greater risk that require more frequent screening (e.g., those with a CDKN2A mutation or a personal history of multiple melanomas in the setting of a large number of nevi and/or atypical nevi [51] ) or screening outside of the 35-75 years old age range (e.g., a child with a giant congenital nevus [52] ).
The rationale we used above to establish our guidelines for skin cancer screening is in good alignment with what is already being done in many dermatologic practices. For example, the recommendation of an annual skin exam is consistent with the frequency of screening recommended by the SCF. It is also in accord [64] First-degree relatives with diagnosis of familiar melanoma/FAMMM syndrome or CDKN2A mutation Table 4 ).
Other screening considerations
In adults ≥18 years old with fair skin, TBSE can be considered at the time of their first wellness exam, if this occurs before age 35 years. This is consistent with the USPSTF grade B recommendation that children and young adults ages 10-24 years be counseled regarding the desirability of protecting their skin from ultraviolet radiation [55] . A special appointment for skin cancer screening does not need to be scheduled; the baseline TBSE can instead be performed opportunistically, that is, at a time that is convenient for the provider and amenable to the patient, such as a wellness exam. At this time, patients should also be educated about risk factors, sun protection and self-skin exams. By counseling and performing TBSE to demonstrate a model of skin examination, providers may capitalize upon a teachable moment to encourage positive behavior change. If one or more risk factor is identified during this introductory exam, the practitioner and patient may then decide what screening interval is suitable until annual skin exams begin at 35 years. As data become more available, we may continue to refine the interval.
A TBSE involves inspection of the entire skin surface, including the scalp, hair, nails, oral mucosa, eyes, genitals and anus [67, 68] . Much of this examination can be accomplished during a thorough physical examination when the patient is undressed to evaluate other organ systems such as cardiac, gastrointestinal, musculoskeletal and pulmonary systems. A self-skin exam involves a systematic evaluation of most areas of the skin with either a partner or a mirror to assist in visualizing the scalp, back and buttocks [69] .
Review of US national skin cancer screening guidelines: what are the recommendations?
In the development of skin cancer screening guidelines, it is important to evaluate the recommendations presented here in the context of existing US national guidelines. Aside from the USPSTF, few professional organizations offer specific statements or recommendations about skin cancer screening. These organizations include the AAFP, the AAD, the ACS and the SCF. The AAFP echoes the USPSTF, reporting insufficient evidence to recommend skin cancer screening [54, 56] . The ACS includes skin cancer screening as part of a generalized, periodic cancer-related check-up, but does not specify target population, age range or frequency [1] . The AAD recommends that physicians assess patient risk factors to devise individualized screening recommendations [58] . Lastly, the SCF recommends annual TBSE without specifying a target population or age range. The American College of Preventive Medicine, the American College of Physicians, the American Joint Committee on Cancer, the NCCN, the American Society of Clinical Oncology and the National Cancer Institute offer no official guidance regarding the performance of skin examinations by physicians [70] [71] [72] [73] [74] [75] . Recommendations from the above organizations are summarized in Table 3 .
Organization
Guidelines Population Frequency Counseling Ref. 
Germany
International screening guidelines: what can we learn from other countries?
The various approaches to screening recommendations around the world may be divided into four categories: no recommendations due to insufficient evidence, opportunistic screening for high-risk populations, routine screening in highrisk populations and routine whole population screening.
Most countries evaluated in this review, including Australia, New Zealand, Germany, the Netherlands and the UK, recommend screening certain subsets of patients at increased risk for melanoma (variably defined) [60] [61] [62] [63] [64] [65] [66] 76, 77] . Many of these countries include specific recommendations for screening intervals as well. Germany is the only country that offers whole-population skin cancer screening (for adults aged 35 years and older) [65] in addition to high-risk population guidelines. In Australia, the Royal Australian College of General Practitioners recommends opportunistic screening for patients at average or mildly increased risk of melanoma. For more detailed recommendations, see Table 4 .
The USA is arguably behind, as no evidencebased skin cancer screening guidelines have been established. Admittedly, the AAD, the ACS and the SCF have made statements on skin cancer screening, but these recommendations lack a specified target population and screening interval and, aside from those from the ACS, are not evidence based. Meanwhile, the US white population has the third highest cumulative risk (0-74 years) for melanoma in the world, second only to Australia and New Zealand [78] . Therefore, in addition to developing a datadriven rationale for our guidelines, we modeled our screening recommendations on international guidelines from countries with similarly elevated risk. Our end product is a set of comprehensive, risk-based, data-driven guidelines comparable to guidelines in Australia, New Zealand, The Netherlands and the UK.
Recommendations of national & international organizations: what potential biases exist?
In addition to comparing the different skin cancer screening recommendations of various organizations, it is important to evaluate potential biases or conflicts of interest that could lead a group to make certain recommendations. For example, provider-centric organizations could have a bias toward overestimating the power of a screening program to impact disease or may be less sensitive to cost-effective interventions. Patient advocacy organizations may have a bias toward screening for reasons such as personal experiences that may not be supported by datadriven evidence. In critiquing the USPSTF recommendations, it is important to note that the USPSTF may have a predilection against screening if it increases the complexity and duration of PCP examinations without unequivocal patient benefit. It is also important to note that many of the expert members of the USPSTF bring necessary epidemiological expertise to the group but are not engaged in direct patient care, which may result in assumption biases such as the technicalities of clinical procedures. The USPSTF's 2016 Draft Recommendation document on adult skin cancer screening included only one physician [54] , who specializes in general preventive medicine and public health. While a background in clinical preventive medicine is valuable in the development of evidence-based screening guidelines, it may also be beneficial in the future to add task force members with clinical or research expertise in skin cancer.
USPSTF recommendation: rationale & critique
As mentioned previously, with respect to the development and implementation of screening guidelines, the USPSTF is perhaps the most influential organization in the nation. Under the Affordable Care Act, all recent health insurance plans and policies must cover preventive services that receive a grade A or B recommendation [79] . Therefore, the USPSTF's recommendation on skin cancer screening may significantly impact the extent of examination performed at the time of routine medical care, as well as the public's perception regarding the importance of skin cancer screenings. Currently, the USPSTF's 2016 Draft Recommendation reports that, "a clear statement cannot be made about the benefit of skin cancer screening for melanoma mortality" due to insufficient evidence [54] .
The rationale and the data selected for inclusion in the USPSTF analysis (that ultimately produced the final determination of 'insufficient evidence') merits further review. Earlier in this article, we summarize several reasons why an RCT is not possible -and probably not appropriate -for melanoma screening. The requirement for demonstrating a reduction of mortality before any recommendation can be made about Skin cancer screening recommendations & a review of the USPSTF controversy PersPective future science group www.futuremedicine.com skin cancer screening is a high bar that may unnecessarily delay or prohibit skin screening of millions of Americans. While the USPSTF draft details a thorough review of the literature, several critical questions remain regarding the validity of the conclusions reached:
• The USPSTF warns, "an important consideration for the 2.1 million Medicare enrollees diagnosed with nonmelanoma skin cancer annually is the increase in the detection and treatment of basal cell carcinoma in adults that likely has limited impact on life expectancy [54] ." Is it appropriate to consider the detection of basal cell carcinoma a harm of screening rather than a benefit?
• One aim of the USPSTF's literature review was to investigate, "the association between earlier detection of skin cancer and skin cancer morbidity," as well as the effects on quality of life [54] . Why was the morbidity associated with a delayed diagnosis of basal and squamous cell carcinoma, and melanoma omitted in the USPSTF risk estimates?
• The USPSTF draft cited two German articles in review of the risks of skin cancer screening [80, 81] and concluded that the numbers of excisions needed to treat skin cancer were too high. Is the estimated number of excisions needed to treat BCC (one out of nine excisions) and melanoma (one out of 28 excisions) [80] too high, particularly given the morbidity associated with delayed diagnosis?
• The USPSTF assumed that the standards of care for skin biopsy techniques are the same in the USA and Germany. The term 'excision' implies a full-thickness fusiform-type excision with closure. The USPSTF based their assessment of risk for complications and cosmetic outcome on the assumption that all potential skin cancers are biopsied in an excisional fashion. In the USA, are the majority of biopsies for KC excisional, and are the majority of excisional biopsies for melanoma the same type reported in the German article?
• The USPSTF concluded that excisions for skin cancer result in risk of cosmetically displeasing scars, based on a German study examining removal of benign nevi for cosmetic purposes [81] . Is it valid to extrapolate satisfaction of results from a cosmetic procedure to results from a diagnostic procedure for cancer?
• The USPSTF applied rigorous criteria to the articles that were included in the analysis. How were the inclusion and exclusion criteria applied to the worldwide publications that ultimately formed the rationale for the decision statement?
Question 1: is it appropriate to consider the detection of basal cell carcinoma a harm of screening rather than a benefit? One of the five key questions addressed in the USPSTF's Draft Recommendation is the harm associated with skin cancer screenings and diagnostic follow-up (Box 2) [54] . This factor is critical because it would be inappropriate to recommend screening if more harm than good was accomplished by the process. Ultimately, the USPSTF concludes screening will result in an 'increase in the detection and treatment of basal cell carcinoma in adults (that) likely has limited impact on life expectancy [54] '. However, KCs are not trivial with respect to morbidity and mortality. Importantly, even though BCCs are typically less aggressive than SCCs, these two entities often appear clinically similar and must be biopsied to confirm the diagnosis. KCs are the most common cancers in the USA, with an estimated prevalence of over 5.4 million cases in 3.3 million individuals in 2012 [82] . Furthermore, KCs are rising in incidence and severity as • What is the direct evidence that visual skin cancer screening by a primary care provider or dermatologist reduces skin cancer morbidity and mortality, and all-cause mortality?
• What are the harms of skin cancer screening and diagnosis follow-up?
• What are the test characteristics of visual skin cancer screening when performed by primary care providers versus dermatologists?
• Does visual skin cancer screening lead to earlier detection of skin cancer compared with usual care?
• What is the association between earlier detection of skin cancer and skin cancer morbidity and mortality, and all-cause mortality?
Sourced from [54] .
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future science group immunosuppressive therapies increase [83, 84] . The ACS estimates that KCs, namely SCCs, are responsible for around 2000 deaths each year in the USA [85] . Some authors even suggest that KC death rates may be underestimated in national statistics [86] ; nonetheless, 2000 preventable deaths per year is substantial. Although a subset of elderly patients with comorbidities and limited life expectancy might be adversely impacted by an excision for skin cancer, detection of a skin cancer does not mandate removal (or even biopsy) if individual circumstances suggest this would negatively impact the patient. We contend that overall, early identification of both BCC and SCC should be considered a valuable potential benefit of TBSE rather than a potential harm.
Question 2: why was the morbidity associated with a delayed diagnosis of BCC, SCC & melanoma omitted in the USPSTF risk estimates?
One aim of the USPSTF's literature review was to investigate, "the association between earlier detection of skin cancer and skin cancer morbidity," as well as the effects on quality of life [54] , yet a review of morbidity associated with KC and melanoma was not included in the draft. The USPSTF concluded that no studies on morbidity met their inclusion criteria, and therefore consideration of this issue was omitted. This is a critical oversight.
In the case of melanoma, a delay in diagnosis can result in a thicker melanoma that requires wider local excision, staging with sentinel lymph node biopsy, potential lymph node dissection and/or systemic therapy, each of which is associated with increased morbidity. A study to compare the morbidity associated with a simple excision versus lymph node dissection or systemic therapy would not be practical, yet common sense suggests that patients identified prior to the need for staging procedures and more aggressive therapies will avoid that unnecessary morbidity. However, the USPSTF did not include an assessment of the increased morbidity associated with these more aggressive therapies or the decreased morbidity associated with earlier melanoma detection.
In addition to the morbidity from melanoma, KC treatment options are often associated with significant morbidity, including facial disfigurement and functional loss with decreased quality of life, especially when the subtype is aggressive or if it is diagnosed at a locally advanced stage (Figure 3 ) [87] . Procedures necessitated by diagnosis of both melanoma and KC at a more advanced stage are associated with notable morbidity and financial impact. If this morbidity and financial burden had been considered by the USPSTF, it is possible that a different conclusion might have been reached.
Question 3: is the estimated number of excisions needed to treat BCC (one out of nine excisions) and melanoma (one out of 28 excisions) too high, particularly given the morbidity associated with delayed diagnosis?
The USPSTF draft cited a report of Germany's SCREEN program, conducted in the German state of Schleswig-Holstein, to substantiate the high numbers needed to treat for melanoma or KC [80] in a skin cancer screening program. In this statewide screening effort, 360,288 adults were screened for skin cancer, mainly by trained general practitioners, and 15,983 total excisions (in one of 23 people screened) were performed [80] . An estimated one per 28 excisions were needed to detect melanoma, and about one per nine excisions were needed for BCC detection, with more variable estimates for detecting SCC (one per 56 excisions in women and one per 28 excisions in men) [80] . These detection rates are relatively high and seem quite acceptable if the biopsy technique is associated with low risk and morbidity. The USPSTF's determination that the rates were too low was based on a questionable risk-benefit assumption. As mentioned above, we do not believe all of the risks and benefits relative to morbidity were considered, and furthermore, the harm of 'excisions' seems to have been overestimated in the USPSTF draft due to the assumption that skin cancer screening procedures in the USA and Germany are performed similarly (see Question 4 below).
Question 4: in the USA, are the majority of biopsies for KC excisional, & are the majority of excisional biopsies for melanoma the same type reported in the German article?
In the various SCREEN-related publications, KCs were directly excised without prior shave biopsies, yet no discussion of differences in biopsy practices between Germany and the USA was included in the USPSTF's 2016 Draft Recommendation. Therefore, this procedural terminology was carried over into the USPSTF draft without clarifying an important nuance between an 'excisional biopsy' and an 'excision' in the USA. An 'excisional biopsy' is a general term meaning removal of an entire lesion and can be accomplished by any of the following techniques: shave, saucerization, punch or excision (Figure 4) [88] . The term 'excision' generally implies a fusiform/elliptical excision that requires closure with deep and superficial sutures. Excisional biopsy is recommended by the NCCN and AAD to diagnose melanoma with the intent to entirely remove the clinically apparent lesion for pathologic examination.
Many excisional biopsies are now performed by a deep shave biopsy method (i.e., saucerization or scoop biopsy). This approach has the advantage of obtaining the entire lesion for histopathologic examination, while avoiding the time, cost and morbidity of a full fusiform excision, particularly if pathology demonstrates a benign process. The scars from a deep shave (saucerization) biopsy are much smaller in general than those of a full excision and should not be compared cosmetically to the excisions described in the German SCREEN effort. Furthermore, the majority of biopsies resulting from a TBSE would be done for KCs, due to their high incidence. In the case of KC, a shave biopsy is generally employed in the USA [89] . and may be performed in an excisional or incisional fashion. These biopsies are more superficial and usually heal with less scarring than an excisional biopsy with closure. If a cancer is histopathologically confirmed, then a subsequent excision with appropriate margins and closure is required. Alternatively, certain biopsy-proven KCs may be treated less invasively with electrodessication and curettage, if medically appropriate. The distinctions in biopsy type are important for this discussion, as the potential morbidity associated with shave, punch or saucerization biopsies is substantially less than that of fusiform/elliptical excisional biopsies. Moreover, excisional biopsies are infrequently performed on equivocal KCs and extrapolation of risk estimates from excisional procedure to KC biopsies is not valid. Omission of this distinction by the USPSTF has the effect of overestimating the harm due to negative biopsies and may have led the USPSTF to draw an incorrect conclusion regarding the safety and utility of skin cancer screening.
Question 5: is it valid to extrapolate satisfaction of results from a cosmetic procedure to results from a diagnostic procedure for cancer? Regarding cosmesis, the USPSTF cited a German article that evaluated the cosmetic outcomes associated with using a saucerization technique with 0.5 mm of clear margins for removal of benign pigmented lesions [81] . Only macular nevi <15 mm were included in this study; lesions suspicious for melanoma were excluded. Six months after the shave excision was performed, the appearance of the resulting scars was evaluated. According to the report, 7.1% of patients and 16.1% of physicians rated the cosmetic outcome as 'poor' [81] . The inclusion of this manuscript in the USPSTF analysis is questionable: the study was not reporting nevi removed for diagnostic purposes but rather for Skin cancer screening recommendations & a review of the USPSTF controversy PersPective future science group www.futuremedicine.com cosmetic purposes (i.e., as opposed to the situation with skin cancer screening, the participant and physician expectation of outcome did not include a suspicion of cancer); the lesions were macular, so the removal resulted in a depressed scar that was not acceptable because the indication was not removing an unsightly elevated growth but rather a small, flat pigmented lesion. Furthermore, the choice of a deep saucerization technique for aesthetic removal of flat lesions was not appropriate. A superficial shave excision might have been more acceptable for aesthetic removal of benign nevi that did not require biopsy. An appropriate comparator would be the acceptability of the outcome of a biopsy to the patient when cancer was suspected. In addition, the USPSTF used this study of pigmented lesions to draw conclusions regarding the degree of KC morbidity experienced due to a biopsy, suggesting that the members of the USPSTF do not appreciate the difference between a partial biopsy for KC diagnosis versus that recommended for a potential melanoma as discussed above. In sum, the data used by the USPSTF to evaluate harms of biopsy procedures following skin cancer screening is not representative of the situation encountered in clinical practice.
Question 6: how were the inclusion & exclusion criteria applied to the worldwide publications that ultimately formed the rationale for the decision statement?
The USPSTF investigators performed a wide literature search to find relevant studies that could be used to answer their five key questions (Box 2). They reviewed 12,514 abstracts, which were limited broadly by relevance to 453 full text articles that were then subjected to further inclusion/exclusion criteria, yielding a final result of 15 articles (representing 13 studies) [54] . The overwhelming majority of reviewed articles were excluded based on whether or not the articles addressed at least one of five key questions (Box 2). Additional studies were excluded if they were not deemed relevant or generalizable to the primary care setting, if the study design did not meet quality criteria parameters, or if original research was not reported. Several significant and compelling screening studies were identified and summarized in a comprehensive 2014 review by Mayer et al., which was intended for consideration in the USPSTF review during preparation for release of the 2016 draft document [90, 91] . However, this review article was ultimately excluded in the USPSTF draft because it did not fit the criteria of, 'original research in a peer-reviewed journal' [54] . While valid, all four of the key studies highlighted by Mayer et al. warranted inclusion in the USPSTF literature review; instead, only two out of four were included [77, 92] . The other two studies were excluded due to ineligible study design [93] and ineligible setting (nongeneralizable to primary care) [94] . Swetter et al. reported a two-times higher likelihood of being diagnosed with a thinner T1 (≤1 mm) melanoma in patients who reported having a physician skin examination (PCP or dermatologist) in the year prior to diagnosis. The greatest benefit was observed in men over 60 years of age, who had a fourtimes higher likelihood of T1 melanoma following physician skin examination in the previous year [93] . This study was likely omitted due its design as a retrospective survey, with patient reported healthcare practices queried in the time period prior to melanoma diagnosis. However, given the difficulty in performing this type of study prospectively, the results remain valuable. Schneider et al. reported a 69% reduction in the crude incidence of thick (>0.75 mm) melanomas and decreased estimated melanoma mortality during a decade-long employee education, intervention and active screening program among employees at the Lawrence Livermore National Laboratory (LLNL) in Northern California. The study occurred from 1976-1996 among employees at LLNL, after implementation of a skin cancer screening and education campaign [94] . While the setting of this study was conducted within the LLNL workplace, we do not agree that this setting is nongeneralizable to primary care. Lastly, an additional article that warranted inclusion is a French population-based study performed by Grange et al., which supports the efficacy of PCP-centered skin cancer campaigns on secondary prevention of melanoma [95] . This study was excluded from USPSTF review due to 'ineligible outcomes', the details of which are unclear [54] .
In summary, with respect to the USPSTF's 2016 Draft Recommendation, several concerns exist, including the implication that KC detection is a harm of skin cancer screening, as well as the omission of disease morbidity, misinterpretation of procedural data and cosmetic outcomes, and overly stringent inclusion criteria. The lack of a dermatology expert on the panel PersPective Johnson, Leachman, Aspinwall et al.
future science group likely contributed to some of the omissions and misinterpretations. While the USPSTF is an esteemed organization with tremendous responsibility and capacity to provide evidencebased screening recommendations, we respectfully disagree with their conclusion that insufficient evidence exists to endorse skin cancer screening based on the rationale provided.
In conclusion, our proposed skin cancer screening recommendations (Box 1) have been developed with input from a diverse group of melanoma experts. These guidelines are based on consistently applied data and are in alignment with USPSTF recommendations for other cancers and diseases, as well as international skin cancer screening guidelines from Australia, New Zealand, Germany and the UK. While no large prospective RCT has been or is likely to be completed to show melanoma mortality reduction from skin cancer screening, this should not be a deterrent to identifying high-risk individuals and performing skin screening to improve patient outcomes in the USA.
Future perspective
The literature and data presented in this article suggest that risk-based skin cancer screening is warranted and justifiable. Screening could potentially impact early detection of melanoma, resulting in a reduction of morbidity, mortality and cost of treatment. Although an evaluation of cost was beyond the scope of this article, as costs climb with the use of novel systemic agents for advanced melanoma, a formal cost assessment would be valuable. A risk prediction model utilizing many of the risk factors we have included in our guidelines has been recently developed and validated by Vuong et al. [96] . In the future, it may be possible to use such a self-assessment tool as a means of identifying individuals in need of screening even more systematically. It may also be possible in the future to establish a skin cancer screening registry to standardize screening recommendations, implement these recommendations nationwide and monitor outcomes over time. Ultimately, melanoma risk assessment and screening will likely be more heavily based on melanoma susceptibility genes (CDKN2A, CDK4, MITF, BAP1, p14 ARF, TERT, POT1, ACD, TERF2IP, BRCA2, PTEN, among others.) [20] [21] [22] and molecular pathology tests and criteria. However, as these technologies are not yet widely available, our guidelines provide a foundation on which to base screening in the current era.
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